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Abstract: The utilization of online media such as learning videos, e-books, e-libraries, and 
virtual laboratories as a source of independent learning by learners is still very low, as a 
result of which teachers are still the main source of learning. This shows the low 
independence of learning learners, even though independence is one-factor affecting 
learning achievement. The correct learning methods can increase the independence of 
learning learners, one of which is by applying flipped classrooms. This research aims to 
find out the effect of the application of flipped classrooms on learning independence and 
cognitive achievement of learners in thermochemical materials as well as the correlation of 
learning independence with the achievement of cognitive abilities of learners. This study is 
an experimental study with the design of two groups at random. The measuring 
instrument used is a matter of postest and learning independence questionnaire. The 
research data were analyzed using the SPSS for Windows program. The results found that 
learning independence and better achievement of cognitive abilities were shown in the 
group that applied the class upside down. There was a significant positive relationship 
between the achievement of cognitive ability and the independence of learning in both 
groups, both in classes that applied classes in reverse and in classes that did not apply 
inverse classes. 
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Thermochemistry is one of the subjects for class 
XI with a fairly broad scope of material. It addresses the 
concepts of exothermic and endothermic reactions and 
the energy that comes with them. Characteristics of 
conceptual thermochemical material and contains 
algorithmic elements cause learners difficulty 
connecting interrelationships between sub-matter parts 
(Riani et al., 2016). Thermochemical materials that are 
considered difficult by learners include 1) system 
concepts, environment, reaction heat, and enthalpy; 2) 
the concept of standard enthalpy change; 3) the concept 
of calculating enthalpy change (∆H) reaction, and 4) the 
concept of stoichiometry in thermochemistry. Learners 
will have difficulty understanding thermochemical 
materials if they do not understand stoichiometry 
because thermochemical materials involve the concept 
of moles, equalization of chemical equations, and 
algebraic procedures (Zakiyah et al., 2018). Some of 
these difficulties are also experienced by learners in 
Aceh Province. This can be seen from the low 
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percentage of learners who answered correctly related 
to thermochemical subjects, especially reaction 
enthalpy material at the national examination of the last 
three years at the Aceh province level, which was 28.2% 
in 2017, 35.8-38.5% in 2018 and 30.5-33.1% in 2019 
(Puspendik, 2019).  
Another problem faced is the outbreak of 
coronavirus pandemic 2019 (Covid-19) cases at the end 
of December 2019 which resulted in the physical 
closure of all types of educational institutions. Teachers 
and learners must master technology as a medium of 
learning because all learning processes are done from 
home online  (Pal & Vanijja, 2020). Before the 
pandemic, the use of technology such as internet 
utilization was very high among high school students, 
reaching 90.2% but not used as a source or learning 
medium but only for means of communication, social 
media, playing online games, watching movies, and 
other entertainment (APJII, 2018). This condition is 
further aggravated during a pandemic, and students 
spend a lot of digital interactions that sometimes have 
nothing to do with learning (Serambinews, 2020).  
Factors that cause low use of the internet as a 
source or learning media to include 1) lack of parental 
tutoring towards children; 2) weak parental control 
over the use of the internet by children; 3) The weak 
intensity of teachers provides lesson tasks to utilize the 
internet; 4) low level of parental education; and 5) Lack 
of intensity of children in reading textbooks (Chalim & 
Anwas, 2018). This shows that the weak awareness and 
independence of learning learners to use the internet as 
a source of learning, whereas the internet can be a very 
effective source for learning activities if planned 
properly (Özsoy-Güneş et al., 2016). A lot of 
information can be obtained by learners related to the 
subject matter through content provided online, such as 
learning videos, digital libraries, e-books, etc. A low 
level of internet use as a learning medium indicates the 
low independence of learning learners (Dedyerianto, 
2019). Learners who have low learning independence 
will have an impact on low learning outcomes, while 
learners who have high learning independence will 
show high learning outcomes as well (Eidelmen & 
Shwartz, 2016). 
Independence of learning is one of the factors 
that are considered to affect the learning achievement 
of learners. Several studies have been conducted and 
proven successful in improving the independence of 
learning learners, including the application of problem-
based learning models assisted by Edmodo media and 
cooperative learning STAD combined with blended 
learning (Aulia et al., 2019; Trisnawati, 2018). Another 
alternative that can be used to increase the 
independence of learning learners in this study is to 
apply flipped classroom learning.  
The flipped classroom is a learning program 
developed by Jonathan Bergmann and Aaron Sams in 
2006 that combines instructional technology and active 
learning (Gasparic, 2017). The term flipped classroom 
or "reverse class" refers to the exchange of learning 
schemes. Generally, the subject matter in the form of 
basic knowledge (low-level thinking, such as 
remembering and understanding) is given in the 
classroom, then the application of knowledge (high 
level of thinking, such as applying and analyzing) is 
given the task as homework. Flipped classroom 
learning is the opposite before classes begin. Learners 
are asked to study at home through video learning or 
presentations with a short duration given by the 
teacher, then teaching and learning activities in class in 
the form of doing tasks, discussing materials or 
problems that learners do not yet understand (Lai & 
Hwang, 2016). This is in line with what Goedhart (2019) 
explains that through a flipped-classroom approach, 
low-level learning (i.e., defining and understanding 
essential content) can occur outside the classroom, and 
deeper higher-level learning (i.e., applying and 
evaluating materials) can be achieved within the 
classroom.  
The flipped classroom is suitable for application 
during pandemic times and after the end of pandemics. 
Through flipped classroom learning, learners will 
prepare themselves to learn the material discussed at 
the upcoming meeting to increase their learning 
independence (Choiroh et al., 2018). The flipped 
classroom is also effectively used against a fairly broad 
topic of discussion. At the same time, the time provided 
is very limited and positively influences learners' 
acquisition of cognitive learning outcomes (Ridha et al., 
2016).  In addition, flipped classrooms support the 
transition of traditional educational models to shift 
toward more flexible, effective, and active learning, as 
teachers can engage learners in more learning activities 
to apply the knowledge they have learned through 
practice, project work, discussion, and problem-solving 
in the classroom (Nouri, 2016; Saputra &  Mujib, 2018) 
Based on the description above, research has 
been conducted to determine the independence of 
learning and the achievement of learners' cognitive 
abilities in thermochemical materials through the 




The study used experimental methods with 
quantitative approaches to two sample groups. 
Quantitative approach to directly test the independence 
of learning and the achievement of learners' cognitive 
abilities in thermochemical materials through the 
application of flipped classroom learning. The research 
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design used is control group only posttest design to 
measure cognitive achievement of learners combined 
with a control group pretest-posttest design to measure 
learning independence. This study was conducted at 
Sma Negeri 3 Banda Aceh. The study sample of 67 
learners consisted of 33 experimental class learners and 
34 control class learners. The data analyzed in this 
study in the form of posttest data on the achievement of 
cognitive abilities and questionnaires of learners' 
learning independence. Posttest consists of 20 multiple 
choice questions with five alternative answers and one 
right answer choice, while the learning independence 
questionnaire consists of 25 statement items with four 
answer options. Data on the achievement of cognitive 
ability and learning independence of learners are 
analyzed by conducting normality tests, homogeneity 
tests, hypothesis tests, and correlation tests using SPSS 
(Statistic Package Social Science) software version 18.0 
for windows. 
 
Result and Discussion 
 
Achievement of Cognitive Abilities of Learners 
This study measured learners' cognitive 
abilities in thermochemical material by providing a 
posttest consisting of 20 multiple choice questions with 
five alternative answers. Test instruments are based on 
indicators of achievement of thermochemical material 
competence with achievement levels C4 (analysis) and 
C5 (evaluation). The results of the analysis of data on 
the achievement of cognitive abilities of learners can be 
seen as follows: 
a. Test the Normality of Cognitive Ability 
Achievement of Learners 
Results from the Kolmogorov-Smirnov test 
normality analysis for data on the cognitive abilities of 
experimental classroom learners and control classes are 
presented in table 1. 
 





Statistic df Sig. 
Experiment 0.149 33 0.061 Normal 
Control 0.091 34 0.200 Normal 
 
Based on table 1, the achievement of cognitive 
abilities of experimental and control class learners has a 
value of significance greater than α = 0.05, which is 
0.061 and 0.200. This shows that data on the 
achievement of cognitive abilities of experimental 
classroom learners and control classes are normally 
distributed. 
 
b. Test homogeneity of Achievement of Cognitive 
Abilities of Learners 
Results from the Levene Statistics test 
homogeneity analysis for data on the cognitive 
achievement of experimental classroom learners and 
control classes are presented in table 2. 
 
 
Table 2. Test homogeneity of learners' cognitive ability achievement 
Class Achievement of Cognitive Ability Levene Statistic df1 df2 Sig. Conclusion 
Experiment & Control Based on average values 0.337 1 65 0.563 Homogen 
 
Based on table 2, the achievement of cognitive 
abilities of experimental and control class learners has a 
value of significance greater than α = 0.05, which is 
0.563. This suggests that data on the cognitive 
achievement of experimental classroom learners and 
control classes come from homogeneous variants. 
 
c. Test hypothesis of achievement of cognitive 
abilities of learners 
Results from the test analysis of differences in 
data on the achievement of cognitive abilities of 
experimental class learners and control classes are 
presented in table 3. 
 
Table 3. Test hypothesis of achievement of cognitive 
abilities of learners 
Class N Mean 
Standard 
Devices 
tcount ttable Sig. 
Experiment 33 53.788 23.117 
2.962 1.668 0.004 
Control 34 37.941 20.638 
Based on table 3, the achievement of cognitive 
abilities of experimental and control class learners has 
tcount = 2.962 > ttable = 1.668 with a value of two-sided 
significance (Sig.2-tailed) smaller than α = 0.05, which 
is 0.004, meaning the achievement of cognitive abilities 
of experimental class learners is better than and control 
class.  
The results of the data analysis showed that the 
achievement of cognitive abilities of learners in 
experimental classes that applied flipped classroom 
learning was better compared to control class learners 
who did not apply flipped classroom learning. This is 
because learners in the experimental class have studied 
in advance the material that will be discussed during 
online classes by watching and understanding learning 
videos shared by researchers before classes begin. After 
watching the learning video, learners create and write a 
summary of the material in their respective notebooks. 
Summary of the material includes types of reaction 
enthalpy along with examples of reaction equations 
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(standard formation enthalpy, standard decomposition 
enthalpy and standard combustion enthalpy), how to 
determine ∆H reactions using standard formation 
enthalpy data (∆Hof), how to determine ∆H of reactions 
using Hess cycle/law diagrams, how to determine ∆H 
of reactions using bond energy data and stoichiometric 
concept relationships with reaction ∆H. In addition to 
making and understanding the summary that has been 
written, learners must note things that are not yet 
understood in order to ask as many questions and 
discussed them in class. The activity of one of the 
groups during the discussion can be seen in figure 1. 
 
 
Figure 1. Student activities when discussing groups 
 
Learners can use the time in the classroom to 
discuss solving problems, develop concepts and engage 
in collaborative learning, while researchers can 
streamline the time to interact with learners personally, 
helping them solve difficulties in understanding 
concepts and accommodate each idea so that classroom 
learning is more effective and quality, consequently 
achieving cognitive abilities will also be better. This is 
in accordance with the opinion of Putry et al. (2020), 
video-based learning media suitable for education in 
the current era 4.0.  Learning video media causes 
learners to be unsaturated and can be a solution in the 
presentation of materials so as not to be monotonous. 
In addition, learning videos can guide self-learning and 
can be used anytime and anywhere. This medium is 
appropriately used for learners who are weak and slow 
in receiving content presented with text or presented 
verbally because the video can be played repeatedly as 
per the needs of learners.    
The achievement of cognitive abilities of 
learners in the study class that applies flipped 
classroom by utilizing learning videos better than 
control classes in line with several other studies, such 
as those conducted by Mirlanda et al. (2020), the use of 
technologies such as learning videos becomes an 
attraction for learners. A learning atmosphere that suits 
the characteristics will make learning more enjoyable so 
that the improvement of learners' reasoning skills with 
flipped classroom learning is bigger than scientific 
learning. Nouri (2016) explained that the use of video 
as a learning tool is felt to reach and give a positive 
effect to low-achieving learners so that there is an 
increase in achievement and learning that is felt more 
effectively.  Ridha (2016) added that flipped classroom 
learning has a positive influence on learners' cognitive 
learning outcomes. 
 
Achievement of Learners' Learning Independence 
Learning independence is the activity of learners 
who actively plan time and how to learn, set goals, and 
evaluate their ability to learn (Jansen et al., 2016). The 
learning independence questionnaire used is adapted 
from SOL-Q (self-regulated online learning 
questionnaire) developed by Jansen in 2016. The 
statement on the study questionnaire consists of 25 
items with four answer options, namely: never (TP), 
sometimes (KK), often (SR), and always (SL). The data 
analysis results on the achievement of learners' learning 
independence can be seen as follows:  
 
a. Test the Normality of Learners' Learning 
Independence 
Results from the Kolmogorov-Smirnov test's 
normality anas for experimental classroom learning 
independence data and control classes are presented in 
table 4. 
 





Statistic df Sig. 
Experiment 0.140 33 0.098 Normal 
Control 0.099 34 0.200 Normal 
 
Based on table 4, the learning independence of 
experimental classroom learners and control classes has 
values of greater significance than α = 0.05, i.e., 0.098 
and 0.200. This shows that data on the achievement of 
learning independence of experimental class learners 
and control classes are normal distribution. 
 
b. Test homogeneity of Learners' Learning 
Independence 
Results from the Levene Statistics test 
homogeneity analysis for experimental classroom and 
control class learners' learning independence data are 
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Table 5. Test homogeneity of learners' learning independence 
Class Achievement of Cognitive Ability Levene Statistic df1 df2 Sig. Conclusion 
Experiment & Control Based on average values 1.012 1 65 0.318 Homogen 
 
Based on table 5, the learning independence of 
experimental classroom learners and control classes has 
a value of greater significance than α = 0.05, which is 
0.318. This suggests that the data on the learning 
independence of experimental class learners and 
control classes comes from homogeneous variants. 
 
c. Test the Student's Learning Independence 
Hypothesis 
Results from the test analysis of differences in 
data on the achievement of cognitive abilities of 
experimental classroom learners and control classes are 
presented in table 6. 
 
Table 6. Test the student's learning independence 
hypothesis 
Class N Mean 
Standard 
Devices 
tcount ttable Sig. 
Experiment 33 23.867 13.114 
2.492 1.668 0.015 
Control 34 16.521 10.946 
 
Based on table 6, the learnability of experimental 
class learners and control classes has tcount = 2.492 > ttable 
= 1.668 with a two-sided significance value (Sig.2-
tailed) smaller than α = 0.05 which is 0.015. This shows 
that the independence of learning of experimental class 
learners is better than and the control class, then Ho is 
rejected, and Hr is accepted. 
The results of the data analysis showed that the 
independence of learning learners in experimental 
classes that applied flipped classroom learning was 
better compared to control class learners who did not 
apply flipped classroom learning. This is because, in 
the experimental class, learners have first prepared 
themselves to follow the learning in the classroom by 
making summaries and noting things that are not yet 
understood from videos shared by researchers. At the 
first meeting, ten students did not watch the video and 
did not make a summary, perhaps because they were 
not familiar with flipped classroom learning. At the 
next meeting, learners began to get used to flipped 
classroom learning, characterized by no more learners 
who did not watch videos and make summaries and 
record things that have not been understood about 
thermochemical material. Learners have managed 
study time both at home and at school, created task 
completion targets, and compiled many questions to 
discuss in online classes. Things that learners have not 
understood are recorded and discussed together. One 
of the problems discussed by learners in the group can 
be seen in figure 2. 
 
Figure 2. Issues discussed by one of the groups 
 
Flipped classroom learning encourages learners 
to actively participate in decision making and have a 
wide opportunity to collaborate, explore and argue in 
discussions without being cut off time to learn basic 
concepts, thus providing space for learners to explore 
their knowledge independently, as a result of which the 
independence of learning learners will increase. This is 
in accordance with the opinion of Awidi and Paynter 
(2019), which favors the flipped classroom learning 
model as learning that provides freedom for learners to 
learn at their own pace, enabling the discovery of 
several solution strategies and, most importantly that 
learners can take property rights to their own learning, 
in other words, they learn independently.  
The independence of learning of learners in the 
study class that applies flipped classroom is better than 
the control class in line with some other studies, such as 
those conducted by Sinaga (2017), learning methods 
greatly affect learning processes and outcomes. Varied 
and non-monotonous methods will increase interest 
and desire to learn, one of which is through the 
application of flipped classrooms. The application of 
flipped classroom learning successfully provides 
increased student learning independence in Basic 
Chemistry courses. Choiroh et al. (2018) explained that 
the achievement and independence of learning learners 
with flipped classroom learning are higher than 
learners who learn with conventional learning models. 
Muliadi et al. (2021) added that the support of all 
parties, such as teacher readiness, learners, and the 
learning environment, would increase the effectiveness 
of learning. 
 
Correlation Test of Achievement of Cognitive Ability 
of Learners and Independence of Learning 
The correlation test aims to see if learning 
independence data with the achievement of learners' 
cognitive abilities correlate or not. The correlation test 
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was conducted using the Pearson test using the 
significance level of α = 0.05. The testing criteria are as 
follows; 1) If Sig.2-tailed > 0.05, the data is not 
correlated. 2) If Sig.2-tailed < 0.05, then the data is 
correlated. 
Results from Pearson's test correlation analysis 
for learning independence data and achievement of the 
cognitive abilities of experimental and control class 
learners are presented in table 7. 
 
Table 7. Test correlation of achievement of cognitive 





Experiment 0.521 33 0.002 
Control 0.399 34 0.019 
 
Based on table 7, Pearson correlation test analysis 
results between cognitive achievement and learning 
independence in the experimental class obtained rcount 
results = 0.521 > rtable = 0.203 with a two-sided 
significance value (Sig.2-tailed) smaller than α = 0.05 
i.e. 0.002 and in the control class obtained rcount results = 
0.399 > rtable = 0.203 with a two-sided significance value 
(Sig.2-tailed) smaller than α = 0.05 which is 0.019. This 
suggests that there is a significant positive relationship 
between cognitive achievement and learning 
independence in learners.  
Learning independence is a strong desire 
accompanied by motivation from a learner to achieve 
the learning goals set. These learning goals can be 
achieved by preparing, organizing, controlling, and 
controlling aspects that affect how each learns. Learners 
who have learning independence must have a sense of 
responsibility towards learning. Learners who have a 
sense of responsibility for learning will strive to 
determine and manage their teaching materials, time, 
place, and utilize the necessary learning resources and 
find various alternatives in problem-solving so that 
cognitive achievement will also increase. This is in 
accordance with the opinion of Azmi (2016) learners 
who have good learning independence will have goals 
and learning strategies that lead to achieving a goal and 
managing time well. This causes his achievements to 
increase, and learning goals can be achieved optimally.  
Eidelmen & Shwartz (2016) added that learners with 
high learning independence would provide high 
learning outcomes. Conversely, low learning 
independence results in low learning outcomes. 
Rahmadani et al. (2021) also emphasized the 
importance of the role of parents is very important in 
accompanying the success of children during home 
study. Parents play a role in guiding the basis of 
attitudes and skills, such as religious education to obey 
the rules and for good habituation, but now the role is 
increasingly widespread, namely as a companion to 




Research and discussions concluded that the 
independence of learning and the achievement of 
cognitive abilities of learners who apply flipped 
classroom learning are better than learners who do not 
apply flipped classroom learning on thermochemical 
materials. There is a significant positive relationship 
between cognitive achievement and the learning 
independence of learners both in classes that apply 
flipped classroom learning and those who do not apply 
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